The high-affinity glucose transport process in Saccharomyces cerevisiae whole cells was regulated by catabolite repression and inactivation. The low-affinity process was constitutive, and its activity was inhibited in proportion to the extent of derepression of the high-affinity process. The latter finding suggests that there is some regulatory relationship between the two processes.
Glucose is transported in whole cells of Saccharomyces cerevisiae by low-and high-affinity process (2, 11, 15, 17) . The high-affinity process depends on the presence of a cognate kinase and a functional SNF3 gene (2, 4, 7) ; it is repressed in cells grown with high glucose concentrations and derepressed in cells grown in galactose or nonsugar substrates (3) . The low-affinity process is a constitutive, kinase-independent, facilitated diffusion process (11) . There is a reciprocal relationship between the levels of the highand low-affinity processes. Cells fully derepressed for the high-affinity process do not exhibit low-affinity transport activity, while cells fully repressed for the high-affinity process exhibit only low-affinity transport (3). We have previously described the reconstitution of low-affinity glucose transport activity in lipid vesicles by fusion of purified yeast plasma membranes with phospholipid liposomes (8, 13) . In this paper we report on the glucose transport activity reconstituted in lipid vesicles from cells with markedly different levels of high-and low-affinity transport.
Glucose uptake by whole cells and membrane vesicles was measured as previously described (8, 11, 13 were removed and washed with ice-cold distilled water on glass fiber filters (11) . Glucose uptake by vesicles was measured by incubating vesicle suspensions (containing 100 jig of membrane protein per ml in 10 mM KP buffer at pH 7.0) at room temperature for 1 min with the same concentrations of labeled sugar used for whole cells; 100-,ul samples containing 10 ,ug of membrane protein were centrifuged through Sephadex G-50 columns (13) . L-Glucose uptake was used to correct for nonspecific uptake in vesicles. The radioactivity in cells and vesicles was measured in a scintillation counter. The kinetic parameters for the components of glucose transport were determined from Eadie-Hofstee plots as previously described (11, 13) .
Membrane vesicles were prepared as previously described by fusing purified yeast plasma membranes with phospholipid (Asolectin) liposomes by the freeze-thaw-sonication procedure (8, 13) at a liposome-to-protein ratio of 150:1. At this lipid-to-protein ratio not all of the vesicles contain glucose transporters, and of those that do, the majority contain only a single transporter (13) . The Vmax of glucose transport in reconstituted vesicles is, therefore, a quantitative measure of the number of transporters. We have previously reported that only the low-affinity transport activity is reconstituted in vesicles (13); however, the activity which is reconstituted has the same characteristics of substrate specificity and kinetics as the low-affinity activity observed in whole cells. Furthermore, reconstituted activity is not a minor activity; we estimate that there are ca. 1.2 x 1013 transporters per mg of membrane protein, which may account for up to 3% of the plasma membrane protein (13) .
The experiments shown in Fig. 1 were carried out with commercial (Red Star) bakers' yeast purchased at a local bakery. Glucose transport in these cells was biphasic with high-and low-affinity components, with the high-affinity component accounting for ca. 60% of the total transport capacity. When these cells were incubated in shake flasks at 30°C in a high-glucose medium (i.e., 10% YPD containing 1% yeast extract, 2% peptone, and 10% glucose) at a cell density of 2.5% (wet weight per volume), there was a progressive decrease in the high-affinity component and a corresponding increase in the low-affinity component. At the end of 2 h in the high-glucose medium, the high-affinity component accounted for 40% of the total capacity (data not shown), and by the end of 4 h, the high-affinity component accounted for only 10% of the total capacity (Fig. 1A) . The rapid loss of high-affinity uptake activity in cells incubated in a highglucose medium in the absence of significant growth is characteristic of catabolite inactivation (10) and has been described for the high-affinity glucose (3) and the galactose (12) and maltose (5) transport processes. This suggestion is supported by recent, unpublished results from our labora- Uptake by whole cells. Glucose uptake rates were calculated from 1-min uptakes at 30°C in glucose concentrations from 1 to 300 mM by 2.5 mg (wet weight) of washed cells taken directly from a commercial yeast cake without incubation in glucose and cells grown for 4 h in 10% YPD medium (0) or for 7 h in 2% YPD medium (0). (B) Uptake by vesicles prepared from the cells described by the same symbols as in panel A. Glucose uptake rates were calculated from 1-min uptakes at room temperature by vesicles containing 10 ,ug of protein and an exogenous lipid-to-protein ratio of 150:1. The straight lines for the cells from the 10% YPD medium and for the vesicles are drawn only through the points representing the low-affinity components. The Vmax and Km values determined from the straight lines are presented in Table 1. tory that the glucose-induced loss of high-affinity activity is dependent on cyclic-AMP-dependent protein kinase activity; however, it is not clear whether the transporter itself or another component is actually the "substrate" of the inactivation process. Catabolite inactivation has also been described for other sugar transport processes (1, 9, 14, 18) and for glucose transport in nitrogen-starved cells, but in the latter case the process is much slower and both the low-and high-affinity components are inactivated (6) .
When cells were incubated in 2% YPD medium for 7 h, by which time the glucose in the medium was completely exhausted, the high-affinity process was fully derepressed and the cells exhibited only high-affinity glucose uptake, with no detectable low-affinity activity (Fig. 1A) . When the reconstituted glucose transport activities from cells grown in either 10 or 2% glucose were compared, the kinetics of uptake were almost indistinguishable. The Vmax (i.e., the number of low-affinity transporters) was essentially the same whether the membranes came from fully derepressed cells with only high-affinity activity (2% YPD) or from cataboliteinactivated cells with mostly low-affinity activity (10% YPD (Fig. 1B and Table 1 ). This observation shows that the low-affinity transporters are synthesized constitutively but that their activity in whole cells is inhibited in proportion to the extent of the derepression of the high-affinity process. The reciprocal relationship between the activities of the two processes suggests that the high-affinity system inhibits the activity of the low-affinity system or that the two systems share a common, limiting component. The latter proposal is supported by recent, unpublished results from our laboratory that the GAL2 gene product, a putative subunit of the galactose permease (16) , is required for both the low-and high-affinity activities of the analogous galactose transport systems.
We have carried out similar experiments with two isogenic haploid strains which differ only in the activity of the SNF3 gene, the putative gene for the high-affinity glucose transporter (7) . When grown to the maximum stationary phase (i.e., after the glucose in the medium has been exhausted), the wild-type SNF3 strain (MCY 1408) showed only high- Table 1. NOTES   5377 affinity uptake, whereas the mutant snJf3 (sucrose-nonfermenting) strain (MCY 1093) showed only low-affinity uptake (4) ( Fig. 2A and Table 1 ). As in the case of the commercial yeast strain, when the reconstituted glucose transport activities from these cells with markedly different levels of high-affinity activity were compared, there was essentially no difference with respect to Km or Vmax (Fig. 2B and Table  1 ). Again, we must conclude that in cells fully derepressed for the high-affinity system (i.e., wild-type cells), the activity of the low-affinity system is inhibited. A fuller understanding of the relationship between the low-and high-affinity processes would come from reconstitution of both processes in lipid vesicles; however, thus far we have not succeeded in reconstituting a significant level of the high-affinity system in lipid vesicles (13) , nor have we found a physiologically relevant mechanism for inhibiting the low-affinity system in vesicles. The recent isolation and sequencing of the SNF3 gene (7) greatly advances the prospect of achieving these goals in the near future; however, it is also essential that the gene(s) for the low-affinity process be isolated.
